SUMMARY

Abstract
The Zwagg Island Wilderness Study Area (OR-012-014) encompasses 5 acres on the southern Oregon coast west of the town of Brookings. Geological, geochemical, and mineral surveys were conducted by the U.S. Geological Survey and the U.S. Bureau of Mines in 1986 to assess the mineral resources (known) and mineral resource potential (undiscovered) of the study area. There is no evidence of mining activity on or near Zwagg Island. There are no identified resources within the study area, and there are no indications of undiscovered mineral or energy resources. There is a low potential for river riprap resources. In this report, references to the "Zwagg Island Wilderness Study Area" or "study area" refer to the land for which mineral surveys were requested by the U.S. Bureau of Land Management.
Character and Setting
The Zwagg Island Wilderness Study Area is on the southern coast of Oregon adjacent to the town of Brookings in Curry County ( fig. 1 ). The 5-acre island is flat topped and surrounded by steep cliffs that rise about 100 ft from sea level. Offshore rocks, many of which are awash during high tide, are scattered around three sides of the island ( fig. 2 ). The north end of Zwagg Island is connected to the shore by a tombolo, or sand barrier, which provides access to the island except during the highest winter tides. A precipitous trail leads from the beach to the top of the The study area is underlain by Jurassic and Cretaceous (see appendixes for geologic time chart) sandstone, siltstone, conglomerate, and greenstone that is fractured and faulted.
Identified Resources and Mineral Resource Potential
There are no identified resources in the study area. Studies revealed no evidence of undiscovered mineral or energy resources in the study area. Rock similar to that found on Zwagg Island has been used elsewhere in the region for construction materials. Stone from Zwagg Island has a low potential for river riprap, although the U.S. Bureau of Mines has determined that better quality construction rock is more abundant elsewhere and is readily available from nearby sources. 
INTRODUCTION
This mineral evaluation was requested by the U.S. Bureau of Land Management and is the result of a cooperative effort by the U.S. Geological Survey and the U.S. Bureau of Mines. The U.S. Bureau of Mines evaluates identified resources at individual mines and known mineralized areas by collecting data on current and past mining activities and through field examination of mines, prospects, claims, and mineralized areas. Identified resources are classified according to the system modified from that described by McKelvey (1972) and U.S. Bureau of Mines and U.S. Geological Survey (1980) . Studies by the U.S. Geological Survey are designed to provide a reasonable scientific basis for assessing the potential for undiscovered mineral resources by determining geologic units and structures, possible environments of mineral deposition, presence of geochemical and geophysical anomalies, and applicable ore-deposit models. Mineral assessment methodology and terminology as they apply to these surveys were discussed by Goudarzi (1984) .
See appendixes for the definition of levels of mineral resource potential and certainty of assessment and for the resource/reserve classification.
Area Description
The Zwagg Island Wilderness Study Area (OR-012-014) is a 5-acre island that is roughly oval-shaped, with steep cliffs on the sides and a relatively flat top. The flat top indicates that the island was formerly part of the marine terrace present at the same elevation onshore. Zwagg Island is surrounded by numerous large rocks, some of which remain exposed at high tides. The top of the island is about 100 ft above sea level and has a thin mantle of soil that supports coastal shrub vegetation including salal, wax myrtle, twinberry, poison oak, and patches of grass (U.S. Bureau of Previous Investigations Diller (1914) discussed the mineral resources of southwestern Oregon. Butler and Mitchell (1916) described the geology and mineral resources of Curry County. Dott (1971) described the geology of the southwestern Oregon coast and prepared a geologic map of the area at a scale of 1:250,000. Beaulieu and Hughes (1976) included information on the mineral resources of western Curry County and a geologic map of the region at a scale of 1:62,500.
Ramp and others (1977) described the geology, mineral resources, and rock material of Curry County and included a geologic map at a scale of 1:125,000. A draft wilderness environmental impact statement was prepared by the U.S. Bureau of Land Management (1985) .
Present Investigations
The U.S. Geological Survey conducted field investigations in 1986 and 1987. Work consisted of checking existing geologic maps and of taking geochemical samples. Geochemical samples were collected and analyzed in order to obtain information about mineral suites and trace-element signatures that can indicate mineralized areas.
These samples were analyzed by semiquantitative spectrographic methods.
The U.S. Bureau of Mines compiled literature relating to geology and mineral resources prior to examination of the study area in the summer of 1986. U.S. Bureau of Mines and U.S. Bureau of Land Management records, and Curry County, Ore. records of mining claims were searched for information on mines and prospects located in and around the study area. Heavy minerals in samples of sand from the beach that adjoins the island were concentrated in the field by panning and in the laboratory on a Wilfleyl 
APPRAISAL OF IDENTIFIED RESOURCES
By Edward L. McHugh U.S. Bureau of Mines
Mining History
Gold was discovered in beach placers along the southern Oregon coast in 1852; by 1871, older marine terraces above the present high-tide line were being mined for gold (Diller, 1914) . Gold-, platinum-, and chromitebearing black sands were known on beaches near the mouth of the Chetco River in the early 1900's (Day and Richards, 1906; Hornor, 1918) , but apparently no metals were produced from beach or terrace deposits near Zwagg Island.
The most significant deposits that contained gold and platinum were at Pistol River, Gold Beach, Ophir, Port Orford, and Cape Blanco ( fig. 1 ). Deposits at some locations reportedly had high gold contents and were soon mined out; prosperity was brief because of difficulty in recovering the extremely fine grains of gold and platinum. The deposits were worked and tested intermittently through 1941.
Chromite in the sands drew interest during World War II.
No deposits on active beaches proved feasible to mine, but 2.0 million tons of sand that averaged 3.8 percent chromium oxide were mined and concentrated from elevated marine terraces in northern Curry County and Coos County (Wetzel, 1985, p. 32) . Interest in recovery of metals from the deposits has been sporadically rekindled in recent years others, 1968, 1986; Bowman, 1972) .
Construction materials mined near Zwagg Island include sand, gravel, and stone. At least 16 stone quarries within 7 mi of Zwagg Island are listed by Ramp and others (1977) . The stone consists mainly of sandstone, conglomerate, greenstone, and basalt of the Dothan Formation and is used for fill, as a base or topping for roads, and for riprap. Ten of the quarries produced less than 50,000 yd^ (cubic yards), five produced 50,000 to 150,000 yd^, and one produced more than 150,000 yd3 of material. Nine of the previously quarried sites are classified by Ramp and others (1977) as having potential for moderate to large future production (greater than 50,000 yd^). At least five of these have been active in the past 10 years.
Jetties were built at the mouth of the Chetco River, 1.2 mi east of Zwagg Island, in 1957. The jetty stone was from a quarry in greenstone on the north bank of the Chetco River 7 mi from the harbor. A draft environmental impact statement (U.S. Army Corps of Engineers, 1975) cited four possible sources of stone for the project: two along the Chetco River, one north of Brookings, and one south. At least two of these sources would be needed to complete the project. The project was programmed for Seven sand and gravel sites are along the Chetco River within 4 mi of Zwagg Island. All but one are shown by Ramp and others (1977) as having produced more than 150,000 yd3 of sand and gravel, and all are classified as having potential for large production in the future.
Mining activity at three other locations in the vicinity of Zwagg Island was described by Ramp and others (1977) . The nearest is 4.5 mi to the north, where about 580 tons of priceite (hydrous calcium borate) were mined between 1890 and 1892. A zone of manganese-oxide enrichment in banded chert of the Dothan Formation was prospected about 7 mi north of Zwagg Island. Mineralized zones on Mt. Emily, 8 mi to the northeast, apparently contain small amounts of gold, silver, zinc, and molybdenum and traces of arsenic and mercury. No similar deposits or mineralized
Mineral Resources
No mineral resources or evidence of mining activity were found on or adjacent to Zwagg Island.
Ramp and others (1977) described marine terrace deposits in Brookings that extend north and south and that possibly contain lenses of black sands.
However, no concentrations of black sands were found during this study on Zwagg Island, on the nearby marine terrace, or in the beach sands that separate Zwagg Island from the mainland.
The panned concentrate sample of beach sand contained no detectable gold or platinum-group metals and only traces of chromite and magnetite (McHugh, 1986) . Gravity and magnetic concentration methods have been used in the past for recovery of metals from known black-sand deposits but are not feasible at current metal prices (Wetzel, U.S. Bureau of The possibility of using stone from Zwagg Island for construction material was discussed in the Oregon Wilderness Environmental Impact Statement (U.S. Bureau of Land Management, 1985) .
Sandstone of the Dothan Formation from Curry County, tested by the Oregon State Highway Division (Ramp and others, 1977, table 4) and the U.S. Army Corps of Engineers (P. Grumbaugh, written commun., 1986), showed marginal to good resistance to grinding.
Unmetamorphosed sandstone and conglomerate of the Dothan Formation make up most of Zwagg Island. Blocky material of the Dothan Formation is suitable for use as river riprap, but that on Zwagg Island would probably not meet minimum density, uniformity, and physical competency standards for jetty stone (P. Grumbaugh, U.S. Army Corps of Engineers, personal commun., 1986).
ASSESSMENT OF MINERAL RESOURCE POTENTIAL
By Joel R. Bergquist and Harley D. King
U.S. Geological Survey
Geology
The bedrock of Zwagg Island comprises sandstone, siltstone, conglomerate, and greenstone of the Upper Jurassic and Lower Cretaceous (Blake and others, 1985) Dothan Formation. The predominant rock type on the island is thin-to thick-bedded, poorly sorted, fine-to coarse-grained sandstone with lesser amounts of grit and pebble conglomerate. Interbeds of black siltstone as thick as 6 ft are found locally in the sandstone. Minor amounts of greenstone (metamorphosed basalt) are also present.
The sedimentary rocks and the greenstone occur as large disordered blocks. The complex aggregation of lithic blocks and the exposed fault surfaces are evidence of postdepositional tectonic deformation.
The bedrock on the island is jointed, fractured, and faulted; permeability is restricted to joints and bedding and fault planes (Beaulieu and Hughes, 1976) . Along the coast of Curry County, wave action has locally sorted lenses of beach sand that are rich enough in heavy minerals to produce beach placer deposits, which are now found on beaches, marine terraces, and submerged terraces.
The placer deposits contain chromite, magnetite, ilmenite, platinum, olivine, garnet, and minor amounts of gold (Beaulieu and Hughes, 1976) . There are no placer deposits on or adjacent to Zwagg
Geochemical Studies
The U.S. Geological Survey collected two rock samples and one panned concentrate of surf sediment.
The rock samples were analyzed for 31 elements using a six-step semiquantitative emission-spectrographic method described by Grimes and Marranzino (1968) . Additional analyses were done by atomic absorption for gold, mercury, arsenic, bismuth, cadmium, antimony, and zinc. No anomalous concentrations of elements were detected in the rock samples, and the geochemical data (table 1) give no indication of mineralization in the study area. The sample of panned concentrate was examined microscopically for gold and platinum, but
Mineral Resource Potential
There are no identified resources in the Zwagg Island Wilderness Study Area, and there are no indications of undiscovered mineral or energy resources.
The study area is underlain by sandstone, siltstone, conglomerate, and greenstone of the Dothan Formation. The rock could be used for commercial purposes, but other nearby sources of rock are more accessible, contain more material, and are closer to existing markets. The rock on Zwagg Island could be used as river riprap but is not considered suitable for use as ocean riprap because of its low abrasion resistance (Beaulieu and Hughes, 1976) . For these reasons the rock on Zwagg Island is considered to have low potential, certainty level C, for river riprap There is no geologic evidence and there are no other indications of oil and gas within the study area (Fouch, 1983) . Based on currently available data, there is no potential, certainty level D for oil or gas resources beneath Zwagg Island. Six-step Seralquantltatlve emlsslon-spectrographlc method of Grimes and Marranzlno (1968) 
APPENDIXES
DEFINITION OF LEVELS OF MINERAL RESOURCE POTENTIAL AND CERTAINTY OF ASSESSMENT
LOW mineral resource potential is assigned to areas where geologic, geochemical, and geophysical characteristics define a geologic environment in which the existence of resources is permissive. This broad category embraces areas with dispersed but insignificantly mineralized rock as well as areas with few or no indications of having been mineralized. MODERATE mineral resource potential is assigned to areas where geologic, geochemical, and geophysical characteristics indicate a geologic environment favorable for resource occurrence, where interpretations of data indicate reasonable likelihood of resource accumulation, and (or) where an application of mineral-deposit models indicates favorable ground for the specified type(s) of deposits. HIGH mineral resource potential is assigned to areas where geologic, geochemical, and geophysical characteristics indicate a geologic environment favorable for resource occurence, where interpretations of data indicate a high degree of likelihood for resource accumulation, where data supports mineral-deposit models indicating presence of resources, and where evidence indicates that mineral concentration has taken place. Assignment of high resource potential to an area requires some positive knowledge that mineral-forming processes have been active in at least part of the area. UNKNOWN mineral resource potential is assigned to areas where information is inadequate to assign low, moderate, or high levels of resource potential. NO mineral resource potential is a category reserved for a specific type of resource in a well-defined area. 
